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(54) Title: A REFRIGERATION WORKING FLUID 
(57) Abstract 

A refrigeration working fluid comprising at least two components, of which at least one is a lubricant comprising at least one chain 
terminated dendritic or hyperbranched maciomolccule and at least one is a refrigerant The dendritic or hypeibranched macromolecule is 
composed of a monomeric or polymeric nucleus having at least one reactive epoxide, hydroxyl. carboxyl or anhydride group to which 
1-100, preferably 1-20, generations of at least one monomeric or polymeric chain extender are added, which chain extender has at least 
one reactive hydioxyl group and at least one reactive carboxyl or is an inner ether of such a compound. A dendritic or hyperbranched 
macromolecule wheieui terminal functions substantially aie hydroxyl or carboxyl groups is yielded, which macromolecule completely or 
partially is chain terminated by at least one chain stopper being a saturated or unsaturated, linear or liranched aliphatic carboxylic acid 
or anhydride or a saturated or unsaturated, linear or branched aliphatic alcohol or ether alcohol. The refrigerant comprises at least one 
halocaTt>on. such as a fluorocaibon or a chlorofluorocarbon. 
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A REFRIGERATION WORKING FLUID 

The present invention relates to a refrigeration working fluid comprising at least 
two components, whereby at least one is a lubricant comprising at least one 
completely or partly chain terminated dendritic or hyperbranched macromolecule of 
polyester type and at least one is a halocarbon refrigerant. The invention also 
refers to said lubricant. 

Refrigeration systems such as refrigerators, freezers, air conditioners, heat pumps 
and the like normally include a circulating and heat, transferring refrigerant. 
Refrigeration working fluids comprising normally used refrigerants, such as 
halocarbons, require a lubricant being compatible and miscible within a wide range 
of temperatures with said refrigerant so that moving parts in the system are 
properly lubricated. The properties and performances of halocarbon refrigerant 
fluids are well known and so is the environmental effects of those containing 
chlorine, which refrigerants presently to an increasing extent are replaced by 
substantially chlorine free compounds such as fluorocarbons. Ester and polyester 
based synthetic lubricants are also well known products and to a high extent used 
as lubricants in said systems. Many of the presently used lubricants, mineral based 
as well as said synthetic, exhibit an overall limited compatibility, miscibility and 
lubricating ability or most commonly a temperature dependent compatibility, 
miscibility and lubricating ability, especially at low temperatures and in 
combination with fluorocarbons. 

The development efforts have for some time, more or less successfully, been 
focused on obtaining lubricating esters and polyesters being at all temperatures, 
especially at low temperatures, compatible and miscible with said refrigerants, 
especially fluorocarbon refrigerants. The lubricant must in order to provide proper 
lubrication over a wide range of temperatures have a low pour point and a high 
viscosity index. The problem of obtaining excellent miscibility at a very wide range 
of temperatures is most pronounced when chlorine containing halocarbon 
refrigerants and other heat transfer fluids are replaced with substantially chlorine 
free fluorocarbons. The fluorocarbons considered to be the most interesting and 
thus in focus of said development efforts are isomers of tetrafluoroethane, such as 
1,1,1,2-tetrafluoroethane (commonly known as "Refrigerant 134a"). 

A synthetic lubricant must be formulated to provide required lubricating properties 
at a temperature interval as wide as possible. A well performing lubricant should to 
provide adequate lubricity have as invariable a viscosity as possible over a wide 
range of temperatures, however, yet being miscible with the refrigerant. Miscibility 
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at very low temperatures is especially difficult to obtain. An increased as well a.' a 
decreased v.scosity normally negatively influence the lubricating ability of the ester 
or polyester. A lubricant must, furthermore, in most system exhibit a very high 
thermal stability and a high flash point. 

Lubricating esters and polyesters frequently used in refrigeration systems and the 
like can^su.tably be exemplified by the general formula 
^' - - (R')„ wherein 

R' is a substituted or unsubstituted alkanyl, alkenyl. alkynyl. cycloalkanyl 
cycloalkenyl. cycloalkynyl or aryl group normally derived from an alcohol, ether 
alcohol or carboxylic acid/anhydride, r' is HO or HOOC, is C - R%r O - R^ 

(I 

U ■ A - O 

where.n R ,s a linear or branched alkanyl, alkenyl or alkenyl group. and are 
integers and at least 1, whereby m is the number of hydroxyl or carboxyl groups in 
the alcohol, ether alcohol, carboxylic acid or anhydride from which r' is derived 
and is greater than or equal to «, whereby m-n can equals 0. 

R' in above formula can of course also b.e derived from a hydroxyfunctional or 
carboxyfunctional ester, polyester, ether or polyether. 

Various working fluids and lubricants comprising esters of above formula are 
disclosed and further discussed in a number of Patents and Patent Applications 
including US 2,531,801, US 3,048,608. SE 358 407. WO 93/24597 WO 93/24596 
and WO 93/11210. ' ^^'^-^^^o 

Esters and polyesters as disclosed above have a viscosity index being highly 
dependent on such properties as the choice of raw materials, the molecular weight 
and the number of ester links A drawback is that acceptable lubricating ability in 
most cases is limited to a more or less narrow range of temperatures. A further 
drawback .s that most esters and polyesters have a limited thermal and/or chemical 
stabihty and resistance being highly dependent on for instance the choice of raw 
materials, the purity of said raw materials, the number of ester links and the acid 
and hydroxyl values. The solubility in fluorocarbons is for many esters and 
polyesters of above formula low in general or reduced at low or extremely low 
temperatures. The solubility in fluorocarbons is often judged by the temperature 
the so called miscibility temperature, at which a solution of a compound such as 
said esters in above mentioned "Refrigerant 134a" separates. The miscibility 
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temperature of a 30% by weight solution of an ester as disclosed above is often to 
be found within the interval of +10^C and -30°C. 

The present invention refers to a refrigeration working fluid comprising a lubricant 
having superior properties, especially at very low or very high temperatures. Said 
lubricant comprises at least one dendritic or hyperbranched macromolecule of 
polyester type, which macromolecule provides the superior properties. Dendritic 
and hyperbranched macromolecules (dendrimers) can generally be described as 
three dimensional highly branched molecules having a tree-like structure. 
Dendrimers are highly symmetric, while similar macromolecules designated as 
hyperbranched may to a certain degree hold an asymmetry, yet maintaining the 
highly branched tree-like structure. Dendrimers can be said to be monodisperse 
variations of hyperbranched macromolecules Hyperbranched and dendritic 
macromolecules normally consist of an initiator or nucleus having one or more 
reactive sites and a number of surrounding branching layers, usually called 
generations, and optionally a layer of chain terminating molecules. A chain 
terminating molecule may either be monofunctional, such as a saturated or 
unsaturated carboxylic acid or alcohol, or provide the macromolecule with a 
suitable terminal functionality, such as hydroxyl, carboxyl, anhydride, epoxide, 
amine and/or alkenyl groups. Hyperbranched macromolecules of the polyester type 
give, due to the symmetrical or near symmetrical highly branched structure, in 
comparison to ordinary polyesters great advantages. Hyperbranched 
macromolecules exhibit especially in comparison to branched, but also linear, 
polyesters a low polydispersity. The structure of chain terminated hyperbranched 
or dendritic macromolecules having two chain extending generations can be 
illustrated by below schematically Formulas (I) and (II): 

Formula (I) Formula (II) 

T T 

tT \/ Tt tttt 



T-B^ I ^B-T ? ? 



:a-x-a^t._^ 



T I B— T ;:d— C— Y— C-D^ 

T-B I i\ T"^ I I ^T 

T I A T T d D 

j-^A A-x T T T T 



wherein X and Y each is an initiator or a nucleus, having four (X) and two (Y) 



BNSDOCIO: <WO 9749781A1 J_> 



wo 97/49781 

4 PCT/SE97/00935 

four (B and C) rcac„v= sues, each chain extender forming one generation in ,he 
macromolecule and wherein T is a chain terminating molecuJe 

The refrigeration worlcing Hu.d of the present invention comprises at least two 
components, of which a, least one is a lubricant comprising at leas, one comple.dv 
or partly cha.n terminated dendritic or hyperbranched macromolecule of poLster 
type and at least one is a halocarbon refrigerant The dendritic or hyperbralched 
macromolecule .s composed of a monomeric or polymer.c nucleus having a, least 

rferbrT^n''"'''- °' '""'''''^ - -".ch i-,oo 

are d f"""""^ °' " °- or polymeric chain ex.ende; 

are added, whtch chatn extender has at leas, one reactive hydroxyl group and a. 
east one reacive carboxyl or is an inner eU,er of a compound having at least one 
hydroxy, and a, leas, one carboxyl or anhydride group A "dendrit.c 
hyperbranched macromolecule wherein terminal functions substantially are 

or tar „" 7 ' " """" completely 

or partially cha.n .erm.nated by at least one chain stopper, which chain stopper is a 

atura.ed or unsaturated, linear or branched aliphatic carboxylic acid or anhydride 
a saturated or unsaturated, linear or branched aliphatic alcohol or ether alcohoi 
and or a lactone^ The refrigerant of said fluid comprises a, least one halocarbon 
such a fluorocarbon or a chlorofluorocarbon. 

A dendritic or hyperbranched macromolecule. in accordance with the present 
.nvemton exhibits excellent thermal s.abiliiy and excellent solubili.y in 
fluorocarbons. Said dendritic or hyperbranched macromolecule exhibits due to its 
molecular structure high viscosi.ies implying good lubricity at increased 
.emperatures and excellent miscibility with halocarbons a, low temperatures The 
m,sc,b,l,ty temperature is often less than -60»C The thermal stability of ,hl 
dendnt.c or hyperbranched macromolecules of the lubricant and the refrigeration 

ZT"' "i"' "-r' -Kan 

a, 220 C according to DSC (Differemial Scanning Colorime.ry) determinations 

The dendritic or hyperbranched macromolecule comprises in preferred 
=mbod,men.s a nucleus selected among mono, di, tri or polyfunctional alcohols 
reaction products between said alcohols and an alkylene ox.de. such as ethylene 
oxtde. propylene oxide, bu.ylene oxide and/or phenylethylene oxide, or among 
TvZk \1 " P'-'S"^"""'"'' epoxides, whereby yielding a dendrit.c or 
hyperbranched macromolecule wherein the terminal functions substantially are 
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hydroxyl groups. The most preferred alcohols can be exemplified by 
trimethylolpropane diallyl ether, pentaerythritol triallyl ether, glycerol diallyl ether, 
5-ethyl-l,3-dioxane-5-methanol, 1 ,3-dioxane-5,5-dimethanol, ethylene glycol, 
propylene glycol, butylene glycol, hexylene glycol diethylene glycol, dipropylene 
glycol. triethylene glycol, cyclohexane dimethanol, neopentyl glycol 
hydroxypivalate, neopentyl glycol, 2-methyI-2-ethyM ,3-propanediol, 2-ethyl-2- 
butyl-1 ,3-propanediol, pentanediol, trimethylolpropane monoallyl ether, glycerol 
monoallyl ether, glycerol, trimethylolpropane, trimethylolethane, 
ditrimeihylolpropane, ditrimethylolethane, pentaerythritol, dipentaerythritoU 
tripentaerythritol or sorbitol and the likewise preferred epoxides by 

1.2- epoxy-3-allyloxypropane, l-allyloxy-2,3-epoxypropane, 1 ,2-epoxy-3-phenoxy- 
propane, l-glycidyloxy-2- ethylhexane, bisphenol A-diglycidyl ether or reaction 
products thereof, diglycidyl terephthalate, epoxidised soybean fatty acid, 
epoxidised soybean oil, epoxidised polyvinyl alcohol or 3,4-epoxy-cyclohexyl- 
methyl-3,4-epoxy-cyclohexane carboxylate. 

Reaction products of alcohols and alkylerie oxides preferably include such 
compounds as ethoxylated and/or propoxylated glycerol, trimethylolpropane, 
trimethylolethane, ditrimethylolpropane, ditrimethylolethane, pentaerythritol and 
dipentaerythritol, but can also suitably include ethoxylated and/or propoxylated 

1.3- dioxane alcohols, such as 5-ethyl-l ,3-dioxane-^5. methanol and 1,3-dioxane- 
5,5-dimethanol. 

The chain extender of the deiidritic or hyperbranched macromolecule in preferred 
embodiments a hydroxyfunctional carboxylic acid, such as 2,2-dimethylolpropionic 
acid, a,a-bis(hydroxymethyl)butyric acid, a,a,a-tris(hydroxymethyl)acetic acid, 
a,a-bis(hydroxymethyl)valeric acid, a,a-bis(hydroxymethyl)propionic acid, 
a,p-dihydroxypropionic acid, heptonic acid, citric acid, d- or /-tartaric acid, 
dihydroxymaloic acid, ^/-giuconic acid, hydroxyvaleric acid, hydroxypropionic acid, 
hydroxypivalic acid and/or most preferably any of the dihydroxyfunctional 
monocarboxylic acids included herein. Alternative embodiments of the dendritic or 
hyperbranched macromolecule comprises at least one a-phenylcarboxylic acid 
having at least tv^o hydroxyl groups directly pendant to the phenyl ring, such as 
3,5-dihydroxyben2oic acid. A chain extender may also be selected among lactones, 
which are inner ethers of hydroxyfunctional carboxylic acids. Lactones are most 
suitably exemplified by 6-valerolactone, P-propiolactone, e-caprolactone and 
glycolide. 
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The cha.n >e™,„a.ion is in preferred embodimen.s of ,he dendri.ic ■ 
hyperbranched macromolecuie performed by adding ,o .he terminal functions a. 
leas, one chain s.opper being a carboxylic acid, preferably a linear or branched 
.l.pha.,c monobasic carboxylic acid. Said carboxyl.c acid is sui.ably selected from 
.he group cons,sting of form.c acid, ace.ic acid, propionic acid, isopropionic acid 
bu.a„o,c acd; isobu.anoic acid, valeric acid, isovaleric acid, hexanoi c ' 
.soh„a„o,c acd, heptanoic acid; isohep.anoic acid, oc.anoic acid; isooc.ano c 
acd, nonano.c acid, isononanoic acid, decanoic acid, isodecanoic acid acrylic 
acd. methacrylic acid, crotonic acid, caproic acid, caprylic acid, capric acid 

actTl Tr '"'■.'"'"'''^ ^^'-i'- "i-. stearic add. isosteari^ 

acd behemc acd, hgnocenc acid, cerotic acid, montanoic acid, abie.ic acid 
aorb,n.c acd. oleic acid, ricinoleic acid, linoleic acid, l.nolenic acid, erucic acid ' 
benzotc acd, p-.er,.bu,ylbe„^oic acid, soybean fat.y acid, linseed fa.,y acid cas.o; 
fa..y acd, dehydra.ed cas.or fa„y acid, .all oil fa..y acid, .ung oil fa„; ac d ■ 
sunflower fa.ty acid, safflower fa.ty acid, .allow fa,.y acid and oUicica y T ^ 
and preferably from ,he group consis.ing of mono, di or .ri.llcyl ace.ic acids such 
me hylethylacetic acid. The carboxylic acid is mos. preferably selected among 
.r,me,hylace.,c acd; mono, di or .rialkyi propionic acids, such a! 
2,2.d,n,e.hylpropionic acid; mono, di o. .rialkyl bu.anoic acids, such as 
2.e.hyl-2-me.hylbu.anoic acid; mono, di or irialkyl hexanoic acids, such as 
2-me,hylhexanoic acid 2-e.hylhexa„oic acid, dime.hylhexanoic acid and 
3.5 5.,nme.hylhexa„oic acid; and/or alkylbenroic acids, such as p..er,.bu,ylbenzoic 



The nucleus can. in al.erna.ive embodimen.s of .he dendritic or hyperbranched 
macromolecuie included in .he refrigeration working fluid according to .he present 
mventton. be a carboxylic acid or anhydride, preferably a di, tri or polyfunc.ional 
carboxyltc acd. or where applicable an anhydride thereof, having 3-24 carbon 
atoms, whereby a dendri.ic or hyperbranched macromolecuie wherein said terminal 
funcons subs.an.ially are hydroxyl groups is yielded. The chain s.opper in such 
embodtmems is preferably a linear of branched alipha.ic or cydoalipha.ic alcohol 
or ether alcohol having 1-30. such as 10-20. carbon atoms, wherein one or more 
carbon atoms are alkanyl, alkenyl. alkynyl or aryl substituted The alcohols is 
advantageously polyethoxyla.ed or polypropoxylated. Some preferred alcohols can 
be exe,|,pl,fied by such monofuncional alcohols as propanols, bu.anols, pentanols 

sThv^^ monoalcohoh 
5-e.hyl.l.3-d,oxane-5-me.hanol. .rime.hylolpropane diallyl e.her, pen.aerythri.ol 
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triallyl ether, lauryl alcohol, palmityl alcohol, oleyl alcohol and/or ceryl alcohol, 
including ethoxyiates and propoxylates thereof 

The refrigerant of the refrigeration working fluid of the present invention 
comprises in preferred embodiments at least one fluoroethane being a 
difluoroethane, such as 1 , l-difluoroethane; a trifluoroethanes, such as 
1,1,1-trifluoroethane; a tetrafluoroethane, such as 1,1,1,2-tetrafluoroethane; 
and/or a pentafluoroethane. The refrigerant can also be selected among most 
halocarbon refrigerants, including chlorine containing refrigerants such as the still 
commonly used trichlorofluoromethane and dichlorodifluoromethane. 

An especially preferred embodiment of the present invention is a refrigeration 
working fluid, wherein 

a) the dendritic or hyperbranched macromolecule is composed of 

i) a nucleus being a di, tri or polyfunctional alcohol of neopentyl structure 
or a reaction product between such an alcohol and ethylene and/or 
propylene oxide, yielding a dendritic or hyperbranched macromolecule 
wherein the terminal functions substantially are hydroxyl groups. 

ii) 1-5 generations of a chain extender being a dihydroxyfunctional 
monocarboxylic acid, preferably" 2,2-dimethylolpropionic acid, and 

iii) a chain stopper being a linear or branched aliphatic saturated or 
unsaturated monocarboxylic acid having 1-24 carbon atoms, and wherein 

b) the refrigerant is a tetrafluoroethane, preferably 1,1,1,2-tetrafluoroethane. 

The most preferred embodiments of the invention all include a lubricant 
composition consisting of at least one dendritic or hyperbranched macromolecule 
as herein disclosed and in addition thereto at least one conventional ester or 
polyester, preferably of general formula 
- (R')^.. - (R')„ wherein 

is a substituted or unsubstituted alkanyl, alkenyl, alkynyl, cycloalkanyl, 
cycloalkenyl, cycloalkanyl or aryl group derived from an alcohol, ether alcohol or 
from a carboxylic acid or anhydride, 

is HO or HOOC, 

R^ is C - r"* or O - R"* wherein R"* is linear or branched alkanyl, alkenyl or alkynyl 
II 

O 

and wherein n and m are integers being at least 1, whereby m is greater than or 
equal to n and whereby m-n can equals 0. 
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A refr.gerai.on working fluid comprises normally 1-60% by weishi of ,h, , h ■ 
and .0-99% by weigh, of ,he halocarbon. The lubricant suLb v 
such as ,.,0% or 5-50%. by wei.h, ^'^^'^ =°™P"«S ' -80%. 

n>acro.olecule and optionally ,„ ddi.^n o sa d co^oo T ''"""^"^''^ 

such as a stabiliser, an antioxidant or the li.e ' " °" 

These and other objects and the attendant advantages will be m„r. f, „ . 

from the following detailed description ,^,/«"/""'^"">^' fu'ly understood 

Examples ,-5. While particular embriir^n of t i e"":::;; ^h^"''"'''"'"' 
be understood of course tha» th» • • 'nvention will be shown, n will 

modifications may be made d i ! ""h f " "°' "''"^ 

^ppended claims Ly sul mod^c; io s s'^^f ^i'th-rrT''"'' '"^ 

the invention. ''""^ ^P'«"'^ scope of 



Example 1; 



Example 2: 



Example 3: 



Example 4: 



Example 5 : 



Preparation and cha.n terminat.on of a 1 generation hyperbranched 

acM ^•^■"""""'"'"I'^oPi""!'^ -nd the chain stopper valeric 
Preparation and chain termination of a , generation hyperbranched 
ex endT 2" a . ri",""' 

3 5 5 , ime^h ' ^"-n «°PP" 

^,^,5-tnmethyIhexanoic acid. 

Preparation and chain termination of a I generation hyperbranched 

extrnrf"d- - "'-""y^'^'opZ. .he cha 

extender 2.2-d.me,hylolpropionic acid and the chain stopper valeric 

Preparation and chain termination of a 2 generations hyperbranched 

ex e dr; 2 dimTr': " .rimethylolpropa'n'e. the chai 

extender 2.2.d.methylolprop.o„ic acid and the chain stopper valeric 

Comparative Example related to a polyol ester known in the art to 
have good to excellent miscibility in fluorocarbons and to have gl d 
to exceJJent thermal stability. ^ 



The hyperbranched lubricants of Examples 1-4 and the ester nf f 
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* Example 1 

Preparation and chain termination of a 1 generation hyperbranched macromolecule, 
wherein the nucleus is neopentyl glycol, the chain extender 2,2-diinethylol- 
propionic acid and the chain stopper valeric acid. The macromolecule is evaluated 
for miscibility and miscibility temperature in a fluorocarbon refrigerant as well as 
for thermal stability. 

209.8 g (2.0 moles) of neopentyl glycol (Perstorp Polyols, Sweden), 544.8 g 
(4.0 moles) of 2,2-dimethylolpropionic acid (Bis-MPA, Perstorp Polyols, Sweden). 
23.0 g of heptane and 1.5 g of /?-toluenesulphonic acid were charged in a 4-necked 
reaction flask equipped with stirrer, pressure gauge, nitrogen inlet, thermometer, 
cooler and water trap (Dean-Stark). The temperature was raised to 120°C, at 
which temperature esterification water was formed. The temperature was thereafter 
during 60 minutes raised to 140°C. The reaction was, under stirring, allowed to 
continue for 8 hours, after which time a vacuum of 10-20 mm Hg was applied for 
30 minutes. Obtained product was now cooled to room temperature. 

Obtained hyperbranched polyester exhibited the following properties: 

Acid value, mg KOH/g: 
Hydroxyl value, mg KOH/g: 
Viscosity (Cone & Plate) at 100°C, mPas 
Calculated molecular weight, g/mole: 



5.4 
667 
480 
337 



302.8 g (0.9 mole) of the hyperbranched polyester obtained above, 440.6 g 
(4.32 moles) of valeric acid. 37 g of heptane and 1.5 g of p-toluenesulphonic acid 
were charged in a 4-necked reaction flask equipped with stirrer, pressure gauge, 
nitrogen inlet, thermometer, cooler and water trap (Dean-Stark). The temperature 
was raised to 125°C, at which temperature esterification water was formed. The 
temperature was thereafter during 40 minutes raised to 150°C. The reaction was, 
under stirring, allowed to continue for 14 hours, after which time a vacuum of 
< 5 mm Hg wis applied for 2 hours. Obtained product was now neutralised with 
Ca(OH)2. filtered and cooled to room temperature. 



Obtained hyperbranched lubricant exhibited the following propert 



les: 
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Acid value, mg KOH/g. q 

Hydroxy! value, mg KOH/g: 5 

Viscosity at 40°C, mPas: ^3 

Thermal stability. DSC 220°C, min; > gQ 

Miscibility temperature, 30% in "134a", °C. < _6o 

The hyperbranched lubricant was at temperatures above the miscibility temperature 
m.scible with "Refrigerant 134a" in all proportions. temperature 

The n^iscibility temperature was determined as the temperature at which a 30o/o by 
we.ght solutmn of the hyperbranched lubricant in "Refrigerant 134a" (Solkan 134a 
So vay Fluor und Derivate GmbH, Germany) separates and thermal stability wa^ 
det rm.ned by DSC (Differential Scanning Colorimetry) as minutes at 220oc Thi 
IS also valid for Examples 2-5 below. ' — " ihis 



Example 2 



Preparation and chain termination of a ] generation hyperbranched macromolecule 
wherein the nucleus is neopentyl glycol, the chain extender 2.2-dimethylol- 
prop.omc acid and the chain stopper 3,5.5-tnme.hylhexanoic acid The 
macromolecule is evaluated for miscibiiity and miscibility temperature in a 
fluorocarbon refrigerant as well as for thermal stability. 

209.8 g (2.0 moles) of neopentyl glycol (Perstorp Polyols. Sweden) 544 5 . 
(4.0 moles) of 2.2.dimethyIolpropionic acid (Bis-MPA, Perstorp Polyols.' Sweden) 
23.0 g of heptane and 3.0 g of /,-toluenesulphonic acid were charged in a 4.necked 
reaction Hask equipped with stirrer, pressure gauge, nitrogen inlet, thermometer 
cooler and water trap (Dean-Stark). The temperature was raised to 120oc ai 
which temperature estenfication water was formed. The temperature was thereafter 
during 60 minutes raised to 140X. The reaction was, under stirring, allowed to 
continue for 8 hours, after which time a vacuum of 10-20 mm Hg was applied for 
30 minutes. Obtained product was now cooled to room temperature. 

Obtained hyperbranched polyester exhibited the following properties: 

Acid value, mg KOH/g: 5 ^ 

Hydroxyl value, mg KOH/g: 
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Viscosity (Cone & Plate) at lOO^C, mPas: 480 
Calculated molecular weight, g/mole: 337 

235.5 g (0.7 mole) of the hyperbranched polyester obtained above, 537.1 g 
(3.36 moles) of 3,5,5-trimethylhexanoic acid, 39.0 g of heptane and 1.5 g of 
p-toluenesulphonic acid were charged in a 4-necked reaction flask equipped with 
stirrer, pressure gauge, nitrogen inlet, thermometer, cooler and water trap 
(Dean-Stark). The temperature was raised to 140°C, at which temperature 
esterification water was formed. The temperature was thereafter during 2 hours 
raised to 150°C. The reaction was, under stirring, allowed to continue at ISC'C for 
6 hours, after which time the temperature was raised to 170°C and maintained for a 
further 8 hours. A vacuum of < 5 mm Hg was now applied for 2 hours. Obtained 
product was neutralised with Ca(OH)2, filtered and cooled to room temperature. 

Obtained hyperbranched lubricant exhibited the following properties: 



Acid value, mg KOH/g: 0.06 

Hydroxyl value, mg KOH/g: 2 

Viscosity at 40''C, mPas: _ 310 

Thermal stability, DSC 220^C, min: > 80 

Miscibility temperature, 30% in "134a". ^C: -35 



The hyperbranched lubricant was at temperatures above the miscibility temperature 
miscible with "Refrigerant 134a" in all proportions. 

Example 3 

Preparation and chain termination of a 1 generation hyperbranched macromolecule, 
wherein the nucleus is trimethylolpropane, the chain extender 2,2-dimethylol- 
propionic acid and the chain stopper valeric acid. The macromolecule is evaluated 
for miscibility and miscibility temperature in a fluorocarbon refrigerant as well as 
for thermal stability. 

175.2 g (1.3 moles) of trimethylolpropane (Perstorp Polyols, Sweden), 522.3 g 
(3.9 moles) of 2,2-dimethylolpropionic acid (Bis-MPA, Perstorp Polyols, Sweden), 
21.0 g of heptane and 2.8 g of p-toluenesulphonic acid were charged in a 4-necked 
reaction flask equipped with stirrer, pressure gauge, nitrogen inlet, thermometer. 



6NS0OCID: <WO 97497eiAl J_> 



wo 97/49781 



12 



PCT/SE97/00935 



cooler and water tran fDean-Starl-^ ru^ 

Which ,en,pera,urees, Hnc L : rl:,: ::rT ^ 
duNng 40 .inu.e. raised ,o UO'C ZT.lZt "^'"-^ ■h"eaf.er 

con,i„„e for M hours, af.er which Je rorro^r^ltr '"71 ^ 

30 minu.es Oh.a.ned produc, was „o„ cooled ,o IL ulZ J. 

Obtained hyperbranched polyester exhibited the following properties: 

Acid value, mg KOH/g: I 
Hydroxy! value, mg KOH/g: 

Viscosity (Cone & Plate) at 125°C, mPas: 9,0 
Calculated molecular weight, g/mole: 483 

(432^0,!? r'? "' "J'P'"""""'-'' polyester obtained above 440 6 o 

moles) of vaJerir ariH 17 a ^ r i_ -^^vt, *t*tvj.o g 

acid were charged n a 4 neclc.. " °' "'^T" ' ' * Iphonic 

.auge, nitrogen* iiirthrotrte" r"!: rr.tar^rs:.^^ 

temperature was raised to 125°C at whi.h . (L>ean-Stark). The 

f«rm*.^ Tk . " 10 1^3 C, at which temperature esterification water wa^ 

formed. The temperature was thereafter during 3.5 hours raised to ,50oc Th 
reaction was, under stirring, allowed to continue at ISO^C for 8 hi r I 
time a vacuum of < <; m,^ h« ,• """^ ai I30 C tor 8 hours, after which 

"e..iised wrLc^H,: re^r iTt: :-:::^r- - - 

Obtained hyperbranched lubricant exhibited the following properties: 

Acid value, mg KOH/g: ^ 

Hydroxyl value, mg KOH/g: 3 
Viscosity at 40OC. mPas: 

Thermal stability, DSC 220°C, min: Iq 

Miscibility temperature, 30% in "134a". °C: < .go 
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Example 4 

Preparation and chain termination of a 2 generations hyperbranched 
macromolecule, wherein the nucleus is trimethylolpropane, the chain extender 
2,2-dimethyIolpropionic acid and the chain stopper valeric acid The 
macromolecule is evaluated for miscibility and miscibility temperature in a 
fluorocarbon refrigerant as well as for thermal stability. 

161.7 g (12 mole) of trimethylolpropane (Persiorp Polyols, Sweden), 493.9 g 
(3.6 moles) of 2,2-dimethylolpropionic acid (Bis-MPA, Perstorp Polyols, Sweden) 
and 4.9 g of /?-toluenesulphonic acid were charged in a 4-necked reaction flask 
equipped with stirrer, pressure gauge, cooler and receiver. The temperature was 
raised to 140**C, at which temperature esterification water was formed. The 
temperature was maintained for 90 minutes. A vacuum of 30-50 mm Hg was now 
applied and the reaction allowed to continue at said vacuum and 140°C for a 
further 90 minutes. The vacuum was released and 987.8 g (7.2 moles) of 
2,2-dimethylolpropionic acid and 9.9 g of />-toluenesulphonic acid were now during : 
15 minutes added to the reaction mixture. A vacuum of 30-50 mm Hg was applied 
when charged 2,2-dimethylolpropionic acid was dissolved. The reaction was now 
allowed to continue for a further 3.5 hours. Obtained product was thereafter 
cooled to room temperature. 

Obtained hyperbranched polyester exhibited the following properties: 



Acid value, mg KOH/g: 7.4 

Hydroxy! value, mg KOH/g: 558 

Viscosity (Cone & Plate) at IIS^'C, mPas: 450 

Calculated molecular weight, g/mole: 1208 



362.3 g (0.3 mole) of the hyperbranched polyester obtained above, 440.6 g 
(4.32 moles) of valeric acid, 40 g of heptane and 1.6 g of /7-toluenesulphonic acid 
were charged in a 4-necked reaction flask equipped with stirrer, pressure gauge, 
nitrogen inlet, thermometer, cooler and water trap (Dean-Stark). The temperature 
was raised to 120^C, at which temperature esterification water was formed. The 
temperature was thereafter during 3.5 hours raised to 140°C. The reaction was, 
under stirring, allowed to continue at 140^C for 4 hours and thereafter raised to 
150''C. The reaction was allowed to continue at 150''C for a further 8 hours, after 
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a5 



which time a vacuum of < 5 mm Hg was applied for 2 hours. Obtained product w 
now neutralised with Ca(OH),, filtered and cooled to room temperature 
Obtained hyperbranched lubricant exhibited the following properties: 

Acid value, mg KOH/g: q j 

Hydroxyl value, mg KOH/g: 5 

Viscosity at 40°C, mPas: jq26 

Thermal stability, DSC 220°C, min: > go 

Miscibiiity temperature, 30% in "134a", "C: .33 

The hyperbranched lubricant was at temperatures above the miscibiiity temperature 
miscible with "Refrigerant 1343" in all proportions. 



Example 5 (Comparative Example) 

A polyol ester known in the art to exhibit good to excellent miscibiiity in 
fluorocarbons and to have good to excellent thermal stability was prepared and 
evaluated m the same way as the hyperbranched lubricants of Examples 1-4. 

Ditrimethylolpropane was esterified with 3,5,5.trimethylhexanoic acid according to 
known estenfication procedures to yield an ester having four ester links. 

Obtained ester lubricant exhibited the following properties: 

Acid value, mg KOH/g: q qj 

Hydroxyl value, mg KOH/g; 6 

Viscosity at 40°C, mPas: j58 

Thermal stability, DSC 220°C, min: 22 

Miscibiiity temperature, 30% in "134a". °C: -12 

The lubricant was at temperatures above the miscibiiity temperature miscible with 
Refrigerant 134a" in all proportions. 

The lubricant of this Example, known in the art to have good or excellent 
properties, exhibits a substantially poorer thermal stability and a substantially 
higher miscibiiity temperature compared to the hyperbranched lubricants of 
Examples 1-4. 
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• ^ CLAIMS 

1. A refrigeration working fluid 

characterised in, that 

the fluid comprises at least two components, of which at least one is a 
lubricant comprising at least one completely or partly chain terminated 
dendritic or hyperbranched macromolecule of polyester type and at least one 
is a refrigerant, whereby 

a) said dendritic or hyperbranched macromolecule is composed of a 
monomeric or polymeric nucleus having at least one reactive epoxide, 
hydroxyl, carboxyl or anhydride group to which 1-100, preferably 1-20, 
generations of at least one monomeric or polymeric chain extender are 
added, the chain extender being a compound having at least one reactive 
hydroxyl group and at least one reactive carboxyl or being an inner ether 
of such a compound, thus yielding a dendritic or hyperbranched 
macromolecule wherein terminal functions substantially are hydroxyl or 
carboxyl groups, which macromolecule is completely or partially chain 
terminated by at least one chain stopper, which chain stopper is a 
saturated or unsaturated, linear -or branched aliphatic carboxylic acid or 
anhydride and/or saturated or unsaturated, linear or branched aliphatic 
alcohol or ether alcohol, 

and whereby 

b) said refrigerant comprises at least one halocarbon, such a fluorocarbon 
or a chlorofluorocarbon. 

2. A refrigeration working fluid according to claim 1 
characterised in, that 

the nucleus of the dendritic or hyperbranched macromolecule is a mono, di, tri 
or polyfunctional alcohol, whereby a dendritic or hyperbranched 
macromolecule wherein said terminal functions substantially are hydroxyl 
groups is yielded. 

3. A refrigeration working fluid according to claim 1 
characterised in, that 

the nucleus of the dendritic or hyperbranched macromolecule is a reaction 
product between a mono, di, tri or polyfunctional alcohol and an alkylene 
oxide, such as ethylene oxide, propylene oxide, butylene oxide and/or 
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phenyiethylene oxide, whereby a dendritic or hyperbranched macromolecule 
wherein said terminal functions substantially are hydroxy! groups is yielded. 

4. A refrigeration working fluid according to claim 2 or 3 
characterised in, that 

the mono, di, tri or polyfunctional alcohol is trimethylolpropane diallyl ether 
pentaerythritol triallyl ether, glycerol diallyl ether' 

5-ethyl-1.3-dioxane-5-methanol. 1 .3-dioxane-5.5-dimethanol. ethylene glycol' 
propylene glycol, butylene glycol, hexylene glycol, diethylene glycol' 
d.propylene glycol, triethylene glycol, cyclohexane dimethanol, neopentyl 
glycol hydroxypivalate. neopentyl glycol, 2-methyl-2-ethyI-l .3-propanediol 
2-ethyl-2-butyl-l, 3 -propanediol, pentanediol, trimethylolpropane monoallyl 
ether, glycerol monoallyl ether, glycerol, trimethylolpropane 
tnmethylolethane, ditrimethylolpropane, ditrimethylolethane, pentaerythritoL 
dipentaerythritol, tripentaerythritol or sorbitol. 

5. A refrigeration working fluid according to claim 1 
characterised in, that 

the nucleus of the dendritic or hyperbranched macromolecule is a mono, di tri 
or polyfunctional epoxide, whereby a dendritic or hyperbranched 
macromolecule wherein said terminal functions substantially are hydroxyl 
groups is yielded. 

6. A refrigeration working fluid according to claim 5 
characterised in, that 

the epoxide is selected from the group consisting of 
l,2-epoxy-3-aIlyloxypropane, l-allyloxy-2,3-epoxypropane, l,2-epoxy-3- 
phenoxypropane. 1 -glycidyloxy-2.ethylhexane. bisphenol A-diglycidyl ether or 
a reaction product thereof, diglycidyl terephthalate, epoxidised soybean fatty 
acid, epoxidised soybean oil, epoxidised polyvinyl alcohol or 3,4-epoxy- 
cyclohexyl methyl-3,4-epoxy cyclohexane carboxylate. 



7. 



A refrigeration working fluid according to any of the claims 1-6 
characterised in, that 

at least one chain extender in the dendritic or hyperbranched macromolecule is 
a hydroxyfunctional carboxylic acid. 
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8. A refrigeration working fluid according to claim 7 
characterised in, that 

the hydroxyfunctional carboxylic acid is 2,2-dimethylolpropionic acid, 
a,a-bis(hydroxymethyl)butyric acid, a,a,a-tris(hydroxymeihyl)acetic acid, 
a,a-bis(hydroxymethyl)valeric acid, a,a-bis(hydroxyniethyl)propionic acid, 
a,3-dihydroxypropionic acid, heptonic acid, citric acid, d- or /-tartaric acid, 
dihydroxymaloic acid, J-gluconic acid, hydroxyvaleric acid, hydroxypropionic 
acid or hydroxypivalic acid. 

9. A refrigeration working fluid according to claim 7 
characterised in, that 

the hydroxyfunctional carboxylic acid is an a-phenylcarboxylic acid having at 
least two hydroxy! groups directly' pendant to the phenyl ring, such as 
3,5-dihydroxybenzoic acid. 

10. A refrigeration working fluid according to any of the claims 1-9 
characterised in, that 

at least one chain extender in the dendritic or hyperbranched macromolecule is 
a lactone selected from the gToup consisting of 5-valerolactone, 
P-propiolactone, e-caprolactone and glycolide. 

11. A refrigeration working fluid according to any of the claims 1-10 
characterised in, that 

at least one chain stopper is a carboxylic acid selected from the group 
consisting of formic acid, acetic acid, propionic acid, isopropionic acid, 
butanoic acid, isobutanoic acid, valeric acid, isovaleric acid, hexanoic acid, 
isohexanoic acid, heptanoic acid, isoheptanoic acid, octanoic acid, isooctanoic 
acid, nonanoic acid, isononanoic acid, decanoic acid, isodecanoic acid, acrylic 
acid, methacrylic acid, crotonic acid, caproic acid, caprylic acid, capric acid, 
pelargonic acid, lauric acid, myristic acid, palmitic acid, stearic acid, 
isostearic acid, behenic acid, lignoceric acid, cerotic acid, montanoic acid, 
abietic acid, sorbinic acid, oleic acid, ricinoleic acid, linoleic acid, linolenic 
acid, erucic acid, benzoic acid, p-tert.butylbenzoic acid, soybean fatty acid, 
linseed fatty acid, castor fatty acid, dehydrated castor fatty acid, tall oil fatty 
acid, tung oil fatty acid, sunflower fatty acid, safflower fatty acid, tallow fatty 
acid and oiticica fatty acid. 
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n. A refrigeration working nuid according to any of the claims 1-11 
charaocrised in, that 

at leas, one chain stopper is a carboxylic acid selected from the group 
cons,s„„g of a mono, di or tria.ky, acetic acid, such as methylethylacetic ac d 

r'd!::; r"'"-^'''^ ' °' "-'"y ^-p^^^' add ; ; 

2.2.d,me,hy,prop,o„,c acid, a mono, di or trialkyl butanoic acid such a 

2.m . ylhexa„o.c acd, 2-e,hyihexa„oic acid, 2.2-di^e.hylhexanoic acid and 
3.5,5.tnmathylhexano,c acid; and an alkylbenzoic acid such as 
/--tert.butylbenzoic acid. 



13. A refrigeration working Huid according to claim 1 
characterised in, that 

the nucleus is a di, tri or polyfunctional carboxylic acid, or where applicable 
an a„hydr,de thereof, having 3-24 carbon atoms, whereby a dendritic o 
hyperbranched macromolecule wherein said terminal functions substant aHy 
are carboxyl groups is yielded; and that the chain stopper is an aliphatic or 
cyc.oa>,pha„c alcoho. or ether alcohol having ,-30. such as ,0-20 carbon 

subr,Lred"°"" °' ""-^ '""y'- •"'^-y - "y 

14. A refrigeration working fluid according to daim 13 
characterised in, that 

t^he alcohol . a propanol. a butano., a pentanol. a hexanol, a heptanol. an 
octanol, a nonanol. a dodecanol or mixtures thereof or therewith. 

15. A refrigeration working fluid according to claim 13 
characterised In. that 

the alcohol is a monofunctional alcohol selected from the group consisting of 
5-ethy]-1.3-d.oxane-5-methanoI, trimethylolpropane diallyl ether 
pentaerythritol triallyl ether, lauryl alcohol, palmityl alcohol, oleyl alcohoi 
and/or ceryl alcohol or is a mixture thereof or therewith. 

16. A refrigeration working fluid according to any of the claims 13-15 
characterised in. that 

the alcohol is ethoxylated or propoxylated. 
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17. A refrigeration working fluid according to any of the claims 1-16 
characterised in, that 

the refrigerant comprises at least one fluoroethane selected from the group 
consisting of 

i) a difluoroethane, such as 1,1-difluoroethane; 

ii) a trifluoroethane, such as 1,1,1-trifluoroethane; 

iii) a tetrafluoroethane, such as l,Kl,2-tetrafluoroethane; and 

iv) a pentafluoroethane, 

18. A refrigeration working fluid according to claim 1 
characterised in» that 

the nucleus of the dendritic or hyperbranched macromolecule is a di, tri or 
poiyfunctional alcohol having a neopentyl structure or a reaction product 
between such an alcohol and ethylene oxide and/or propylene oxide, whereby 
a dendritic or hyperbranched macromolecule wherein said terminal functions 
substantially are hydroxyl groups is yielded; that the chain extender is a 
dihydroxyfunctional monocarboxylic acid; and that the chain stopper is a 
linear or branched aliphatic saturated or unsaturated monocarboxylic acid 
having 1-24 carbon atoms. 

19. A refrigeration working fluid according to claim 18 
characterised in, that 

the dihydroxyfunctional carboxylic acid is 2,2-dimethylolpropionic acid, 

20. A refrigeration working fluid according to claim 18 or 19 
characterised in, that 

1-5 generations of the chain extender is added to the nucleus of the dendritic 
or hyperbranched macromolecule. 

21. A refrigeration working fluid according to any of the claims 18-20 
characterised in, that 

the refrigerant is a tetrafluoroethane, preferably 1 , 1 , 1 ,2-tetrafluoroethane. 
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22. A refrigeration working fluid according to any of the claims 1-21 
characterised in, that 

the lubricant in addition to said dendritic or hyperbranched macromolecule 
comprises at least one ester of general formula 

- (R^);n-« - (R^)„ wherein 
R is a substituted or unsubstituted alkanyl, alkenyl, alkynyl, cycloalkanyl, 
cycloalkenyl, cycloalkynyl or aryl group derived from an alcohol, ether 
alcohol or from a carboxylic acid or anhydride, 

is HO or HOOC, 

R is C - r" or O - r" wherein R^ is a linear or branched alkanyl, alkenyl or 
O 

alkynyl group, 

and wherein n and m are integers being at least 1 . whereby m is greater than' 
or equal to n and whereby m-n can equals 0. 

23. A refrigeration working fluid according to any of the claims 1-22 
characterised in, that 

the fluid comprises 1-60% by weight of the lubricant and 40-99% by weight of 
the halocarbon. 

24. A lubricant composition primarily intended for refrigeration systems 
characterised in, that 

the lubricant composition comprises at least one completely or partly chain 
terminated dendritic or hyperbranched macromolecule of anyone of Claims 
1-20. 

25. A lubricant composition according to claim 25 
characterised in, that 

the lubricant composition in addition to said dendritic or hyperbranched 
macromolecule comprises at least one ester of general formula 

- - wherein 

R is a substituted or unsubstituted alkanyl, alkenyl, alkynyl, cycloalkanyl, 
cycloalkenyl, cycloalkynyl or aryl group derived from an alcohol, ether 
alcohol or from a carboxylic acid or anhydride, 
R^ is HO or HOOC, 
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is C - R'^ or O - R"* wherein R^ is a linear or branched alkanyU alkenyl or 
if 

O 

alkynyl groupi 

and wherein n and m are integers being at least 1, whereby m is greater than 
or equal to n and whereby m-n can equals 0. 

26. A lubricant composition according to claim 24 or 25 
characterised in, that 

the lubricant composition comprises 1-80%, preferably 5-50%, by weight of 
the dendritic or hyperbranched macromolecule. 

27. A lubricant composition according to any of the claims 24-26 
characterised in, that 

the lubricant composition in addition to said components comprises at least 
one additive, such as a stabiliser, an antioxidant and/or the like. 
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